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INTRODUCTION
Myiasis, a noun derived from Greek (mya, or fly), was first
proposed by Hope to define diseases of humans caused by Address correspondence to Omar Lupi, omarlupi@globo.com.
dipterous larvae) as Opposed to those caused by insect larvae in Copyright © 2012, American Society for Microbiology. All Rights Reserved.
general (161). Myiasis has since been defined as the infestation of doi:10.1128/CMR 00010-11

live vertebrates (humans and/or animals) with dipterous larvae

0893-8512/12/$12.00 Clinical Microbiology Reviews p. 79-105 cmrasm.org 79


http://dx.doi.org/10.1128/CMR.00010-11
http://cmr.asm.org

Francesconi and Lupi

TABLE 1 Anatomical classification of myiasis

TABLE 2 Ecological classification of myiasis

Classification by Classification by
Zumpt Bishopp Classification by James
Sanguinivorous Bloodsucking Bloodsucking
Dermal/subdermal Tissue-destroying Furuncular
Subdermal migratory Creeping
Traumatic/wound
Anal/vaginal
Nasopharyngeal Infestation of the Nose, mouth, sinuses
head passages Aural
Ocular
Intestinal Intestinal/urogenital Enteric
Anal/vaginal
Urogenital Intestinal/urogenital Bladder, urinary passages

Anal/vaginal

(371). Recognized in ancient times, flies causing myiasis are still
some of the world’s most devastating insects, responsible for se-
vere losses in animal husbandry, with significant economic losses,
including reduced milk production, weight and fertility issues,
and reduced hide quality (371). In mammals (including humans),
dipterous larvae can feed on the host’s living or dead tissue, liquid
body substance, or ingested food and can cause a broad range of
infestations, depending on the body location and the relationship
of the larvae with the host (250). The distribution of human
myiasis is worldwide, with more species and greater abundance in
poor socioeconomic regions of tropical and subtropical countries.
In countries where it is not endemic, myiasis is an important con-
dition, where it can represent the fourth most common travel-
associated skin disease (59).

MYIASIS CLASSIFICATION

There are two main systems for categorizing myiasis: anatomical
and ecological classifications. The anatomical system of classifica-
tion, first proposed by Bishopp, is considered useful for practical
diagnosis and to classify the infestation in relation to the location
on the host (172, 269, 371). Since a single species can be assigned
to more than one anatomical location, and the same location can
be infested by different species, a classification system based on the
degree of parasitism shown by the fly is also used.

Anatomical Classification

The anatomical classification system is based on the one proposed
by Bishopp (172), later modified by James (172) and by Zumpt
(371). Each of those authors used different terms with the same
meaning, as shown in Table 1.

To avoid confusion, we will use the following classification,
which is based in Bishopp’s, James’, and Zumpt’s proposed clas-
sifications:

e Sanguinivorous or bloodsucking

e Cutaneous myiasis, furuncular and migratory

e Wound myiasis

e Cavitary myiasis, where the infestation receives the name of
the affected organ, e.g., cerebral myiasis, aural myiasis, nasal
myiasis, and ophthalmomyiasis.
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Ecological classification ~ Description

Parasite dependent on host for part of its life
cycle

Specific/obligatory

Semispecific/facultative

Primary Free living and may initiate myiasis

Secondary Free living and unable to initiate myiasis; may be
involved once animal is infested by other
species

Tertiary Free living and unable to initiate myiasis; may be

involved when host is near death

Accidental/pseudomyiasis Free-living larva and not able to complete its life
cycle; causes pathological reaction when
accidentally in contact with the host

Ecological Classification

Ecological classification (Table 2) takes into account the level of
parasitism of the parasite and the host. When designing plague
eradication programs for hospitals or nursery homes or in veter-
inary medicine, it is necessary to consider the ecological classifi-
cation together with the specie life cycle.

TAXONOMIC CLASSIFICATION OF THE DIPTERA (TRUE
FLIES)

The order Diptera is a large order of insects that are commonly
known as true flies. The presence of a single pair of functional
wings with a reduced hind wing, termed halteres, distinguishes
true flies from other insects (226, 227). Flies are ubiquitous and
abundant, with approximately 150,000 species in 10,000 genera
and 150 families. This order contains most of the insects vectoring
diseases in humans.

The order Diptera is divided into two suborders, the Nemato-
cera and the Brachycera. The Nematocera contain most families of
blood-feeding flies that serve as vectors for a variety of viral, pro-
tozoan, and helminthic diseases, especially the Culicidae (115).
Rarely, agents in this suborder can cause accidental myiasis (Table
3). The Brachycera are composed of infraorders. The infraorder
Muscomorpha or “Cyclorrhapha” (term used in nonphylogenetic
classifications) contains all species that cause specific myiasis and
most of the species responsible for facultative myiasis, especially
the species within the Calyptratae.

Figure 1 summarizes the taxonomy of the Diptera, and Fig. 2
presents the taxonomic division of the Calyptratae. Both were
designed to include the agents related to human myiasis. Table 3
shows the species outside the Calyptratae reported to cause hu-
man myiasis. Tables 4 to 8 summarize the most important aspects
of the species within the Muscoidea, Oestroidea, Calliphoridae,
and Sarcophagidae that cause human myiasis.

LARVAL PRESERVATION AND IDENTIFICATION

When treating a patient with myiasis, it is critical to make the
correct identification of the larva. It helps not only to understand
how the infestation was acquired but also to plan the treatment
and to promote preventive measures.

After removal, the maggot should be killed by immersion for
30 s in very hot (enough to produce vapor) but not boiling water,
which prevents decay and maintains the natural color. Larvae
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TABLE 3 Agents reported to cause human myiasis outside the Calyptratae

Myiasis

Species Taxonomy Clinical picture Reference(s)
Psychoda albipennis Diptera: Psychodidae Urogenital myiasis 2,149, 159
Telmatoscopus albipunctatus Diptera: Psychodidae Intestinal myiasis 346

Hermetia sp. Diptera: Stratiomydae

Hermetia sp. Diptera: Stratiomydae
Scenopinus sp. Diptera: Scenopinidae

Eristalis tenax Diptera: Syrphidae

Megaselia scalaris Diptera: Phoridae

Drosophila melanogaster Diptera: Drosophilidae

Piophila casei Diptera: Piophilidae

Intestinal myiasis 55,133, 201, 308

Furuncular myiasis 3
340

Urogenital myiasis

Urogenital myiasis 5, 85, 96, 191, 241, 362

Intestinal myiasis 242, 330
Intestinal myiasis 225,314, 344
Urogenital myiasis 57,93, 315, 359
Nosocomial myiasis 157

Wound Myiasis 164, 308

Nasal myiasis 21

Ocular myiasis 69

Urogenital myiasis 101, 295

should then be preserved in a solution 0of 70% to 95% ethanol. The
above-described method best preserves larval length and mor-
phology. Killing of the larvae directly in a preservative will putrefy
and shrink them. If a solution of 70% ethanol is not available, 70%
isopropyl alcohol can be used instead. Formalin solutions should

not be used, because they cause an excessive hardening of the
larval tissues, making them difficult to process (229).
Identification can be very challenging and demanding. Specific
knowledge of the morphological aspects of the larva is necessary
for the identification of the maggot’s species, a task usually done

ORDER Diptera
. T, T T T T T /e emem e e = e = i
| ipenni |

SUBORDER Brachycera || Nematocera st P |

L = o s o o e e i e el e i e -
r- - T - - - - - - - = - — = A
INFRAORDER Muscomorpha | Not Hermetia sp |
(Cyclorrapha) I| Muscomorpha Scenopins sp I
b i i i e e e Gt e e e G i St ™
o= = e em = = = ERie=S = o= = =S e Il
: | : istali |
SECTION Schizophora | Aschiza Megaseliaseatari i
e o o e e ey e e e e e e e e = |
r— - T - — — — - - - - — — - il
SUB-SECTION Calyptratae : Acalyptratae gir(:):sﬁ;niclgsr:ielanogaster :
Lo e e b o et e e e e e S e e -
]

SUPERFAMILY Muscoidea Oestroidea All species of specific
myiasis and most of
facultative myiasis

1 are classified within

FAMILY Calliphoridae Sarcophagidae | Calyptratae

FIG 1 Taxonomy of the Diptera. Species within the dashed lines are reported to cause human myiasis and are included in the corresponding group. See Table

3 for references.
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SUBFAMILY
FAMILY

Muscoidea-------

Oestroidea----------- Oestridae

:--Auchmeromyiinae ---------

---Luciliinae

Calliphorinae

‘--Calliphorini------------+~

--Der bia h

SPECIES

- Muscina sp
-~ Musca domestica (House Fly)

-~ Fannia scalaris
-~ Fannia canicularis

is (h bot fly)

Cuterebra sp.

'---Alouattamyia baeri

Gasterophilus sp. (horse bot flies)

- -Hypoderma bovis (cattle bot fly)

Hypoderma lineatum

- ~Hypoderma tarandi

Oestrus sp (sheep nasal bot fliy)

Auchmeromyia senegalensis (Congo floor maggot)
Lucilia sp.

Phormia regina
Protophormia terranovae

- - Chrysomya bezziana

- - Chrysomya megacephala
- - Chrysomya albiceps

\- - - Chrysomya rufifacies

Cochliomyia hominivorax (New World Screwworm)

Calliphora sp.

-- Cordylobia anthropophaga (Tumbu fly)

Sarcophagidae

'--- Cordylobia rodhaini (Lund’s fly)

1~ - - Wohlfahrtia magnifica (Spotted flesh fly)
- - Wohlfahrtia vigil

- - Wohlfahrtia opaca

'~ - - Sarcodexia lambens

FIG 2 Taxonomic division of the Calyptratae.

by a trained entomologist. Several aspects of the larva must be
analyzed before the final species is determined, which is not pos-
sible in some cases. Body shape, aspects of the papillae, the poste-
rior spiracles (position, shape, openings, and structures), pigmen-
tation of the dorsal tracheal trunks, the body surface (spines), the
anterior spiracles, the cephalopharyngeal skeleton, and clinical
behavior are all taken into account when the offending maggot is
analyzed. An excellent Internet resource to help identify the spe-
cies when a trained expert is not present is the Natural History
Museum (London, United Kingdom) website (http://www.nhm
.ac.uk/research-curation/research/projects/myiasis-larvae/intro
-myiasis/index.html), using the option, “launch the key to
myiasis-causing larvae.”

MYIASIS AND TRAVEL MEDICINE

Increasing international travel, both for tourism and for business,
raises the need for physicians to cover a large spectrum of diseases,
especially those caused by infectious agents. Skin diseases, to-
gether with systemic febrile illness and acute diarrhea, are the lead-
ing causes of health problems in travelers and account for 8% to
12% of all tourists medical problems (160). Myiasis is usually
among the five most common dermatologic conditions, repre-
senting 7.3% to 11% of cases (212, 290).

Travel clearly raised the importance of myiasis knowledge, es-
pecially in countries where the infestation is unusual, rare, and, in
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some cases, reported as being exotic (120, 124, 150). Even physi-
cians unfamiliar with this condition can easily diagnose cases in
which maggots are visible. On the other hand, furuncular, migra-
tory, and cavitary cases and pseudomyiasis pose a diagnostic chal-
lenge, especially to those doctors unacquainted with myiasis and
its possibilities. For the correct diagnosis, several aspects should be
determined: the region where the patient visited, climate condi-
tions, and the species habits of the region visited.

An accurate and timely diagnosis is important not only to al-
leviate the patient’s symptoms but also to prevent the establish-
ment of myiasis-causing flies in regions where they are not en-
demic, a phenomenon that is already happening with the
movement of farm animals. In many cases, the patient receives
unnecessary oral antibiotics, increasing the development of bac-
terial resistance (150).

CLINICAL MANIFESTATIONS

Mpyiasis is considered, in most cases, an embarrassing and repug-
nant disease to patients and to health care professionals. Poor
hygiene and low socioeconomic status are the most important risk
factors for acquiring myiasis (111, 220). Another important factor
is an abundance of exposed preexisting suppurative lesions that
attract and stimulate the deposit of eggs by the female insect. For
specific species, habits of the population, such as sitting or lying on
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TABLE 4 Superfamily Muscoidea

Family, species, and parameter Description (reference[s])

Muscidae
Muscina sp.
Distribution Worldwide
Classification Facultative myiasis
Hosts Decaying organic matter

For Muscina stabulans, intestinal and
urogenital myiases (18, 19, 37, 87, 249,
311); for Muscina sp., cutaneous myiasis
(18,19, 33, 37,87, 249, 311)

Human myiasis

Musca domestica (house fly)

Distribution Worldwide
Classification Facultative myiasis
Hosts Decaying organic matter

Human myiasis Reported to cause intestinal (280, 302, 371),
wound (112, 165, 370), and cavitary (209)
myiases; related to allergic diseases (114,

336, 337, 357)

Fanniidae
Fannia sp. (lesser house fly)
Distribution Holarctic and temperate neotropical regions
Classification Facultative myiasis
Hosts Decaying organic matter

Human myiasis For Fannia scalaris, genitourinary myiasis
(361); for Fannia canicularis,
nasopharyngeal myiasis (17), intestinal
myiasis (18, 37, 42, 366), and rectal

myiasis (199)

the ground and some religious rites, and climatic conditions in-
fluence the occurrence of myiasis (117).

The real importance of human myiasis is unknown, and iden-
tification of the species responsible for a case of myiasis is rarely
done. Epidemiological data on human myiasis are scant, and reg-
istration of the cases is not usually obligatory. Health care profes-
sionals judge myiasis to be a disease of minor importance, leading
to an inadequate registration of the case: the larva and dressings
are normally discarded without further examination. In some
countries, domestic and empirical treatments of the patients are
made by family members, reducing the number of the cases seen
in medical facilities. Access to entomologists with expertise in dip-
teran classification is usually difficult, especially in developing re-
gions, where myiasis can be a real problem of public health.

Cutaneous Myiasis

Cutaneous myiasis, together with wound myiasis, is the most fre-
quently encountered clinical form (92). Furuncular and migra-
tory forms are included in this group.

Furuncular myiasis. Furuncular myiasis (warble) occurs after
the penetration of the dipteran larva into healthy skin (Fig. 3),
where an erythematous, furuncle-like nodule develops, with one
or more maggots within it. Dermatobia hominis and Cordylobia
anthropophaga are the most common causative agents of furun-
cular myiasis.

The typical furuncular lesion is a papule or nodule with a cen-
tral punctum that exudes serosanguinous or purulent fluid. In the
central pore, the presence of the parasite may be evidenced by the
direct visualization of the posterior part of the larva—the respira-
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tory spiracle (usually confused with tiny black eyes)—or indi-
rectly by bubbles in the discharge (Fig. 4 and 5). The number of
larvae within the lesion varies with the offending species.

Pruritus, pain, and movement sensation are the most reported
symptoms, and they usually happen suddenly at night, preceding
the fluid leak (216). The difference in the numbers of lesions and
its distribution patterns can be explained by the natural habits of
each species.

Although a furuncle-like lesion is the most common presenta-
tion of furuncular myiasis, clinical variants have been described,
such as vesicular, bullous, pustular, erosive, ecchymotic, and
ulcerative lesions (117).

The lesion almost always heals completely, without leaving any
trace. Sometimes, hyperpigmentation and scarring can occur.
Clinical variants and severe cicatricial outcomes are more com-
monly seen in malnourished children. The most commonly re-
ported complication of furuncular lesions is secondary bacterial
infection (117).

(i) Agents of furuncular myiasis. (a) Dermatobia hominis. Der-
matobia hominis is the most economically important cuterebrid
fly and the most common cause of myiasis in the Americas. D.
hominis infestation is also referred to as torsalo, American warble
fly, berne, tropical bot fly, colmoyote, moyocuil (both in Mexico,
meaning “mosquito worm”), suglacuru (“from between breasts”
in French Guyana), and berne (in Brazil) (163).

The unique and complex life cycle of human bot flies helps to
explain the typical distribution of the lesions on exposed sites. The
eggs are attached to the abdomen of a bloodsucking intermediary
mosquito, a method of egg delivery called phoresis (137, 148). The
eggs may also be laid onto foliage. After 1 week, when the insect
approaches a warm-blooded animal, the heat induces the larva to
hatch, and it must grab a host within 20 days. If the larva succeeds,
it leaves the egg, and the first-instar, or stage I, larva (Fig. 3) pen-
etrates painlessly into the skin (some patients may experiment a
sensation of pruritus).

Afterwards, the maggot penetrates and gains access to the der-
mis, forming a typical furunculoid lesion with only one parasite in
each papule. Within 5 to 10 weeks, the parasite goes to the second
instar (stage IT) and eventually to a third instar (stage III), when it
leaves the host, during the night or early morning, to pupate in the
soil (296).

Patients infested by D. hominis usually present with a single
furuncular lesion on an exposed site (scalp, face, or extremities)
and report pain (characteristically nocturnal) (198, 216). Some
patients experience sudden paroxysmal episodes of lancinating
pain. The presence of larval hooklets, allied with larval rotational
movement around its axis, may explain the pain sensation (163).
The sensation of “something crawling” or movement is a common
symptom as well. The history of an insect bite may precede the
lesion. In children, itching, distress, and disturbance to sleep have
all been reported (351).

Secondary bacterial infection is a possible complication. The
presence of local enlarged lymph nodes and/or systemic symp-
toms should raise this possibility (238). Staphylococcus aureus and
group B streptococcus have been isolated from some lesions (137,
162). A fatal case where the larva penetrated the brain through the
incompletely ossified bone of the skull of a very young child was
reported (292).

D. hominis is the most commonly identified agent of myiasis in
travelers who have gone to tropical America, and it should be
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TABLE 5 Family Oestridae

Subfamily, species, and parameter

Description (reference(s])

Cuterebrinae

Dermatobia hominis (human bot fly)

Distribution
Classification

Hosts

Mechanism of infestation

Human myiasis

Cuterebra sp. (rodent bot flies)

Distribution

Classification
Hosts
Mechanism of infestation

Human myiasis

Alouattamyia baeri
Distribution
Classification
Hosts
Human myiasis

Gasterophilinae

Gasterophilus sp. (horse bot flies)

Distribution
Classification
Hosts

Mechanism of infestation

Human myiasis

Hypodermatinae

Hypoderma bovis (cattle bot fly)

Distribution

Classification
Hosts
Mechanism of infestation

Human myiasis

Hypoderma lineatum
Distribution

Classification
Hosts
Human myiasis

Hypoderma tarandi
Distribution
Classification
Hosts
Human myiasis

Between latitudes 25°N and 32°S (296), extending from Mexico through Central to South America (128, 196)

Obligatory myiasis

Humans, cattle, swine, cats, dogs, horses, sheep, other mammals, and a few birds (143, 172)

Active delivery of the maggot by an intermediary mosquito (usually Diptera: Psorophora); this method of
delivery is called phoresis

Furuncular myiasis

North America during summer in August, September, and October (24), with higher prevalence rates in
northeastern and southeastern states (90)

Obligatory myiasis

Rodents; humans are occasional hosts

Eggs are laid on leaves, grass, and stems of underbrush during the spring and early summer; first-stage larva
can enter its host through mucous membranes of nose, eyes, mouth, or anus, or it can penetrate the skin
directly (72)

85% of cases have cutaneous disease, and 15% have visceral infestation (70% eye and 30% upper respiratory
tract) (90)

Brazilian Amazon region

Obligatory cutaneous myiasis

Primates

Only 2 reported cases in humans; 1 case was pulmonary, and the other one affected the throat (142)

Old World species, with three cosmopolitan species, G. haemorrhoidalis, G. intestinalis, and G. nasalis,
distributed worldwide

Obligatory myiasis

Horses, zebras, elephants and rhinoceroses; may affect humans who deal with horses

Direct contact with eggs on a horse’s coat or by direct oviposition onto human skin, especially in warmer
climates

Mainly migratory myiasis; rarely external ophthalmomyiasis (230), oral myiasis (343), pulmonary myiasis (7)

Distributed between latitudes 25° and 60°, in the northern hemisphere, in more than 50 countries of North
America, Europe, Africa, and Asia

Obligatory myiasis

Wild and domestic ruminants; human infestation occurs in those who are in close proximity to cattle (258)

In late spring and early summer, in periods of sunshine on warm days, the female flies attach their eggs onto
the hair of the cattle

Migratory myiasis, with reports of oral myiasis (103) and skin allergies with eosinophilia (244)

Distributed between latitudes 25° and 60°, in the northern hemisphere, in more than 50 countries of North
America, Europe, Africa, and Asia

Obligatory myiasis

Wild and domestic ruminants; human infestation occurs in those who are in close proximity to cattle (258)

Migratory myiasis, with a report of meningitis (77)

Holarctic distribution (371)

Obligatory myiasis

Reindeer and caribou

Principal manifestation is ocular disease (181, 195, 333), with reports of cutaneous and oral myiases (105);
cases usually occur in August to December in subjects who have visited areas in which reindeer and H.
tarandi are found
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Continued on following page
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TABLE 5 continued

Myiasis

Subfamily, species, and parameter Description (reference(s])

Oestrinae
O. ovis (sheep nasal bot fly)
Distribution Worldwide where sheep are tended
Classification Obligatory cavitary myiasis
Hosts

Mechanism of infestation

Sheep and goats; there is no documentation that O. ovis is able to complete its life cycle in the human eye
The female fly is active during summer and early fall; the gravid adult female ejects the first-instar larvae,

which have previously hatched; flies may deposit as many as 500 first-instar larvae; direct contact between
the fly and its host is not necessary for infestation

Human myiasis

The most common cause of external ophthalmomyiasis in men (140, 174, 282, 324, 352); Oestrus ovis may

cause allergic manifestations, especially when in the throat (223)

considered for the differential diagnosis of furuncular lesions in
these populations.

(b) Cordylobia anthropophaga. The penetration of Cordylobia
anthropophaga into the skin is usually asymptomatic, although the
area of penetration can be slightly itchy for up to 2 days after the
infestation. In a few days, a reddish papule develops and takes on
a boil-like appearance when fully developed. An intense inflam-
matory reaction in the surrounding tissue of the lesions develops
over a period of 6 days. Some lesions may develop a central pus-
tule, similar to that of pyoderma (307). After 8 to 12 days, the
mature third-instar maggot leaves the host.

Typically, symptoms develop within the first 2 days of infesta-
tion and can range from a mild or a “prickly heat” sensation to
severe pain. Agitation and insomnia can also occur. Inflammatory
changes around furuncle-like lesions are commonly seen in cases
of tumbu fly infestations; in some cases, these changes can be very
intense, mimicking soft tissue bacterial infections such as cellulitis
(150). The lesions can be so numerous that large plaques of
coalescing furuncles may form (252). A clear fluid, occasionally
stained with blood or larval feces, may ooze from the boil. Once
developed into the third instar, the posterior spiracles can some-
times be seen in the central pore. The C. anthropophaga discharge
may become crusted, odoriferous, and purulent or may be sero-
sanguinous (210). Findings associated with other toxemic symp-
toms, such as regional lymphadenopathy or malaise, are particu-
larly seen in the presence of multiple lesions (284).

People are most commonly parasitized during the rainy sea-
son, when the natural sylvan hosts approach human villages.
Adult flies tend to oviposit on soiled clothing, which explains the
distribution of the lesions on covered sites such as trunk, buttocks,
and thighs and also the elevated number of lesions. Children are
particularly prone to the infestation; this is probably related to
the thinner skin of infants and the immunity developed by
adults who live in regions of endemicity after repeated expo-
sures (41, 144, 188).

The parasitism and mechanism of infestation of Cordylobia
rodhaini are similar to those of C. anthropophaga. The lesions can
be larger and more painful (117, 124, 261, 335).

(c) Cuterebra sp. Cuterebra sp. is an autochthonous facultative
cause of cutaneous and ocular myiasis in humans living in North
America (24). Cutaneous lesions represent 85% of all Cuterebrid
myiases; 20% of these lesions are capable of producing a migratory
eruption (90). A typical furuncular lesion, ranging in size from 0.2
to 2 cm, with pruritus, which can be painful and tender, develops
after infestation. Some patients report a sensation of movement
within the lesion. Other signs or symptoms reported are central
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necrosis and a pulsating lesion (274). Erythema, swelling, and
edema may surround the furuncular lesion (156). Most cases oc-
cur in children, affecting the face, scalp, neck, shoulders, or chest.
Infestations tend to occur in summer months, August, September,
and October (24).

(d) Wohlfahrtia vigil. Wohlfahrtia vigil causes furuncular lesions
in children, usually with multiple lesions, with an average number
of 12 to 24, with one to five maggots within the lesion. An ery-
thematous patch may precede the furuncle and represents the fail-
ure of the larva to penetrate the skin (172, 251).

(e) Wohlfahrtia magnifica. Wohlfahrtia magnifica furuncular
myiasis develops 24 h after larval infestation, with a pruritic pap-
ule of 2 to 3 mm in diameter, followed by an erythematous nodule
with a central pore that leaks a secretion. Paroxysmal episodes of
sharp pain, itching, and movement sensation may be felt. One
larva or a few larvae are present in the lesion. In a case where 25
larvae were removed, fever and marked eosinophilia were present
(368). Local inflammatory lymph node enlargement with eosino-
philia may compose the clinical picture (348).

(ii) Differential diagnoses. Differential diagnoses of furuncular
myiasis are furuncle, insect bite, insect prurigo, pyoderma (307),
inflamed cyst, and tungiasis. C. anthropophaga myiasis can simu-
late severe soft tissue infections (150). Some cases can be misdiag-
nosed as delusional parasitosis. Labial cases may be confused with
labial cellulitis. Breast myiasis may be confused with periductal
mastitis (106), benign mass with microcalcification (176), and
inflammatory carcinoma (349). Clinical and radiologic confusion
with arteriovenous (AV) malformation and hemangioma oc-
curred in one case of preauricular myiasis (43). Pain, erythema,
itchiness, small vesicles, and crusting may pose a differential diag-
nosis of herpes simplex (234).

(iii) Diagnosis. The diagnosis of furuncular myiasis is easily
done based solely on clinical grounds, especially in regions where
the disease is endemic. Patient history may help identify a possible
predisposing factor or travel history. Dermoscopy has been used
to identify the posterior parts of a D. hominis maggot within a
furuncular lesion and may be helpful if diagnostic doubt is pres-
ent. The examination reveals a central opening surrounded by
dilated blood vessels and a yellowish structure with black barblike
spines (27). Ultrasound can be very useful to confirm a case of
furuncular myiasis and also for the complete removal of the larvae
(299, 334). A well-defined highly echogenic area surrounded by a
hypoechoic area, the presence of segmentations on longitudinal
sections, and distal shadowing are features of D. hominis in an
ultrasound. The strong posterior acoustic shadowing may reflect
the external coating of the larva. A definitive diagnosis of myiasis
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TABLE 6 Family Calliphoridae

Subfamily or tribe, species, and parameter

Description (reference([s])

Cochliomyia hominivorax
Distribution

Classification

Hosts

Mechanism of infestation
Human myiasis

Chrysomya bezziana (Old World screwworm)
Distribution
Classification
Hosts
Mechanism of infestation
Human myiasis

Chrysomya megacephala
Distribution
Classification
Hosts
Human myiasis

Chrysomya albiceps and Chrysomya rufifacies
Distribution
Classification

Hosts

Human myiasis

Auchmeromyiinae
Auchmeromyia senegalensis (Congo floor
maggot)
Distribution
Classification
Hosts
Mechanism of infestation

Human myiasis

Luciliinae
Lucilia sp.
Distribution
Classification
Hosts

Mechanism of infestation

Human myiasis

Calliphorinae
Calliphora sp.
Distribution

Classification

Hosts

Mechanism of infestation
Human myiasis

Once found in the tropics and warm temperate zones of the Southern United States, the Caribbean, and most
of Latin America, its distribution is nowadays limited to South and Central America

Obligatory wound myiasis

True obligate parasite of mammals

Eggs are laid on the wound or nearby (300 eggs in a few minutes)

Typical infestation in humans is wound myiasis, where it can be very severe, with penetration and destruction
of the underlying tissue; when in the nose or ears, the fatality rate may reach 8% (250)

India, Arabian Peninsula, Indonesia, Philippines, and New Guinea (not Australia)
Obligatory wound myiasis

Sheep and humans

Eggs are laid on the wound or nearby (150 eggs)

Wound myiasis

Worldwide, with more prevalence in Oriental and Australasian regions

Facultative wound myiasis

Decomposing flesh and feces

Wound myiasis (111) and aural myiasis (203); important in forensic medicine (63)

Native to Australia; is found worldwide

Facultative parasite of wound myiasis

Secondary myiasis in sheep

Feeding habits vary from excrement, urban garbage, and decomposing meat to fresh food; primary and
secondary myiases in humans as well as other animals (371)

Wound myiasis (112, 329) and nasal myiasis (172); important in forensic medicine

Sub-Saharan Africa and Cape Verde Islands

Sanguinivorous myiasis

Humans

Eggs are laid in the soil or sand floors of traditional huts; the larvae hatch in 1 to 3 days, stay buried during
the day, and emerge at night; maggot feeds on sleeping individuals for 20 min once, every 24 h, up to 16
times to complete its development; all three larval stages are bloodsucking

No infestation

South Africa and Australia (L. cuprina), Europe and North America (L. sericata)

Facultative wound myiasis

These species prefer to feed on dead tissue, although they are able to invade living tissue when there are few
options (355)

Females lay their eggs on carcasses, in neglected and suppurating wounds, and, in particular, on the wool of
sheep soiled with urine, feces, or blood

Facultative wound myiasis (355)

Females are attracted for oviposition to any decomposing flesh, of which carrion is most suitable; usually
involved in myiasis as secondary species

Facultative myiasis

Decomposing flesh

C. vicina in particular may be a primary invader (318, 371)

For C. vicina, aural (172), intestinal (45), nasal (316), oral (147), wound (89), and urogenital (371) myiases;
for C. hilli, ocular myiasis (200)
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TABLE 6 continued

Myiasis

Subfamily or tribe, species, and parameter Description (reference([s])

Calliphorini
Cordylobia anthropophaga (tumbu fly)
Distribution
Classification
Hosts

Sub-Saharan Africa; was recently described in Portugal (73)
Obligatory cutaneous myiasis
Wild rats are the main hosts, but other wild mammals are infested, including mice, monkeys, squirrels,

antelopes, boars, leopards, and mongooses; dogs, cats, rabbits, guinea pigs, goats, and chickens are among
the domestic animals infested; humans

Mechanism of infestation

Female flies deposit eggs on shaded soil, preferably contaminated with urine or feces, or drying clothes

(especially improperly washed diapers and damp clothing laid on the ground)

Human myiasis Furuncular myiasis

Cordylobia rodhaini (Lund’s fly)

Distribution African tropical humid forest areas
Classification Obligatory cutaneous myiasis
Hosts

Mechanism of infestation

Human myiasis Furuncular myiasis

Phormia regina and Protophormia

Various thin-skinned forest mammals (particularly rodents); occasionally causes human myiasis
Females lay about 500 eggs in sand or soil containing feces or urine or on sun-exposed laundry

terranovae
Distribution Confined to areas north of the Tropic of Cancer
Classification Facultative wound myiasis
Hosts

reindeer (172, 318)
Mechanism of infestation
Human myiasis

entomology (52)

Decomposing flesh; Protophormia terraenovae in particular may be a serious parasite of cattle, sheep, and

Females lay about 500 eggs in sand or soil containing feces or urine or on sun-exposed laundry
P. regina has been found in wound myiasis in men (9, 154, 236, 301) and is an important agent in forensic

can be achieved if larval movement is detected during the ultra-
sound. High-frequency probes are more reliable for the diagnosis
of furuncular myiasis. Color Doppler sonography, which is able to
visualize the continuous movement of internal fluids of the larva,
has proven to be useful for the detection of D. hominis and C.
anthropophaga larvae when ultrasound is not able to detect the
parasite (279, 286). Mammography of breast myiasis may not be
able to exclude malignancy (81). Magnetic resonance and com-
puted tomography (CT) are able to identify a subcutaneous seg-
mented nodule; however, its morphology does not aid in the di-
agnosis (38, 43).

Laboratory examination is usually normal. In cases of chronic
infestation or multiple infestations, laboratory signs of systemic
inflammation, peripheral eosinophilia, and elevated immuno-
globulin E levels may be found (351).

Molecular diagnosis has been successfully used to identify the
offending larva and may be a future method for the identification
of cutaneous myiasis in hospitals with no expertise in tropical
medicine (50).

(iv) Pathology. Biopsies are not necessary for the diagnosis of
furuncular myiasis and should be restricted for academic pur-
poses. Fine-needle aspiration cytology is not indicated for myiasis,
although it can be diagnostic (275). Histopathological findings
include an ulcerated epidermis with or without hyperkeratosis;
the dermis contains a polymorphous inflammatory infiltrate that
is composed mainly of lymphocytes and neutrophils, with an ad-
mixture of eosinophils, fibroblasts, histiocytes, basophils, mast
cells, plasma cells, and Langerhans cells. The dipteran larva is lo-
cated in the dermis, within a fibrous cystic sinus tract (141).

A cuticle of variable thickness that is covered with spines char-
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acterizes the bot fly larva. Striated muscle is found directly under
the entire cuticle. When the larva is well conserved, a large central
tubular cavity; the digestive tube; the respiratory tract, composed
of smaller tubular structures; a circulatory system; and the pig-
mented posterior respiratory spiracle can all be identified (26, 56).
Polarized light microscopy may show a bright retractile material
(328).

(v) Treatment. Therapy consists of three general techniques: (i)
the application of a toxic substance to the larva and egg, (ii) the
production of localized hypoxia to force the emergence of the
larva, and (iii) the mechanical or surgical removal of the maggots
(117).

Although it is a possible option, leaving the parasite to perform
its natural cycle and controlling the symptoms should not be
done, especially in cases where the parasite is imported. The goal
of treatment is the complete removal of the larva from the skin,
with the prevention and control of secondary infection. Secondary
infection may result if the larva is ruptured or killed within its
cavity and not removed.

Unlike D. hominis, the larvae of C. anthropophaga do not mi-
grate deeper into tissue and are easier to remove. The expression
of C. anthropophaga may be adequate, preferably with two
wooden spatulas, which reduces the chance of rupturing the larva
(255). The obstruction of the hole with liquid paraffin may be
useful; it forces the maggot to wriggle a little further and lubricates
the pocket, helping subsequent extraction. Note that the imma-
ture maggot is usually reluctant to emerge.

Expression should be avoided when D. hominis is the offending
agent, because it is usually fruitless and painful, with a risk of
rupturing the maggot. Reports have noted the successful eradica-
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TABLE 7 Family Sarcophagidae

Species and parameter

Description (reference(s])

Wohlfahrtia magnifica (spotted flesh fly)

Distribution

Classification
Hosts

Mechanism of infestation

Human myiasis

Wohlfahrtia vigil and Wohlfahrtia opaca

Distribution

Classification
Hosts

Mechanism of infestation

Human myiasis

Sarcodexia lambens
Distribution
Classification
Hosts
Human myiasis

Mediterranean basin of Europe and North Africa and eastwards into China, including the steppe region of

continental Europe and southern and Asiatic Russia (323, 371); it is a thermophilic fly; it likes warmth
and light and is active mostly during summer days
Obligatory wound myiasis

Humans and warm-blooded animals and infants are most commonly infested; sheep are a major host, but

other livestock, including poultry, as well as wildlife in nature or zoos can be affected (108)

The female flies, which are larviparous (deposit their living larvae), are attracted to natural body orifices of
their hosts (107) or to wounds, where they deposit their first-instar larvae (up to 150), occasionally
within their eggshells

Commonly reported in wound myiasis, although this parasite has also been reported in furuncular
myiasis (348, 368), oral myiasis (95), and otomyiasis (100, 180, 264, 350, 369); fatal cases have been
reported (172)

W. vigil is found in the United States from Maine to New York and west to North Dakota, in Central and
Southern Europe, in Russia, and in Pakistan (327); W. opaca is found only in western and southwestern
North America (319); Most cases occur in June to September

Obligatory furuncular myiasis

Cats, dogs, rabbits, ferrets, mink, foxes, and humans (250)

In nearly all hosts, including humans, infestation occurs only in the very young, as the larval mouth hooks
typically are not strong enough to penetrate adult skin

Furuncular, with multiple lesions being common, with the avg no. being 12 to 14 (172)

Widely distributed in the Americas, raging from the southern United States to Paraguay and Argentina
Obligatory wound myiasis

Humans

This agent infested 12.1% of 66 wound myiasis cases in Brazil (111)

tion of D. hominis infestation by occluding the punctum (breath-
ing hole in the skin) with a substance to prevent gas exchange (47,
162). To avoid asphyxiation, the organism emerges far enough to
be grasped by the forceps of a vigilant patient or physician. Oc-

TABLE 8 Agents responsible for furuncular myiasis

cluding substances that may be used are petrolatum, bacon (48),
fingernail, adhesive tape, and others. Some authors do not recom-
mended adhesive tape, because frequently, this technique leaves
behind fragments (14). Polymyxin B was reported to be a sterile

No. of
maggots
Species Frequency  Geographic location No. of lesions perlesion  Location(s) of lesions Clinical characteristic(s)
Dermatobia hominis Common Latin America Usually 1 1 Exposed sites Pain more common; history
of insect bite
Cordylobia Common Africa Multiple 1 Covered sites Intense inflammatory
anthropophaga reaction; more common in
children; rainy season
Cordylobia rodhaini Rare Africa Multiple 1 Covered sites; lower Similar to C. anthropophaga
limbs
Cuterebra spp. Rare North America Usually 1 1 Face, scalp, neck, Pruriginous papule, 0.2-2 cm;
shoulder migratory component;
more common in children;
summer months
Wohlfahrtia vigil Rare North America Multiple, 12-24  1-5 Head, neck, and skin Patch may precede furuncle;
folds more common in infants
less than 6 mo old; between
June and September
Wohlfahrtia Rare Old World 1-5 Up to 25 Paroxysmal episodes of sharp
magnifica pain; eosinophilia may
occur
Hypoderma bovisand ~ Rare Northern hemisphere 1 1 Head, neck, and upper ~ Winter months; before or

H. lineatum

chest or back

after migration
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FIG 3 Dermatobia hominis larva. Shown is a picture of the larva itself in a
green sheet.

option (285). Occlusion may have to be maintained for 24 h or
more to have the desired effect. The risk of attempted occlusion is
that the organism may asphyxiate without emerging, and the dead
larva may elicit an inflammatory response, with the formation of a
foreign-body granuloma and, eventually, progression to calcifica-
tion. The injection of 1% lidocaine (2 ml per nodule) is sometimes
used to paralyze the larva, making the extraction easier (208).
Liquid nitrogen used before extraction stiffens the larva and helps
aid in its removal (307). Topical 1% ivermectin may be used for a
furuncular lesion caused by D. hominis (70), although there is a
possibility that the dead larva may be trapped within the skin.
Surgical excision is usually unnecessary for treatment, al-
though it may be needed to remove the larva (46). Some research-
ers advocate a cruciate incision to remove D. hominis, which pre-

FIG 5 Furuncular myiasis on the scalp due to Dermatobia hominis. Note the
bald area on the scalp with a small ulcer.

vents damage to the larva and allows an easier extraction without
leaving remnants in the wound. In some cases, debridement of
necrotic tissue surrounding the lesion inside the pocked may be
indicated (189).

Furuncular lesions caused by Cuterebra are also treated with
occlusion and the posterior expression of the larva. Direct extrac-
tion may be difficult in some cases because of both its depth in the
skin and the presence of surface spines which anchor it. Sponta-
neous extrusion may occur (312).

The expression of a W. vigil furuncular lesion is usually easily
performed (128).

Oral treatment is not recommended for furuncular myiasis.
Ivermectin may kill the larva inside the lesion, with a consequent

FIG 4 Furuncular myiasis. Shown is an initial lesion on the face.
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inflammatory reaction (279). Antibiotics should be used only if
there is a bacterial infection.

Migratory myiasis. Migratory myiasis, or creeping myiasis, oc-
curs when a dipteran maggot starts to migrate, aimlessly, through
burrows in the skin, producing the migratory pattern of the le-
sions. The deepness of the tunnel and the migration speed are the
factors responsible for the clinical picture. Larvae of the genera
Gasterophilus (horse bot fly) and Hypoderma (cattle bot fly) cause
almost all cases of creeping myiasis in humans. Humans are acci-
dental hosts of these agents, and these agents are unable to com-
plete their life cycle within human skin. Hypoderma spp. could
simulate their larval development (although without reaching the
fully mature third instar). G. intestinalis rarely develops past the
first instar, although a second-instar larva was removed from a
newborn infant (294).

(i) Agents of migratory myiasis. (a) Gasterophilus. Gasterophi-
lus intestinalis is the most common cause of human migratory
myiasis. Infestation is related to the handling of animals, particu-
larly after putting hands on the tips of a horse (371), and occurs
throughout the year (24). Direct ovipositing by the female fly may
occasionally occur (294).

The larva of Gasterophilus initially produces a papule similar to
that found for furuncular myiasis. Next, the larva burrows into the
lower layers of the epidermis, causing an intensely pruritic inflam-
matory lesion. The erythematous tortuous lesion with raised bor-
ders telltales the presence of the maggot and indicates the advanc-
ing border, while at the other end, the lesion gradually fades as the
larva wanders about in search of a proper place to molt, leaving a
path of migration (229). The larva may live for months in human
skin and may migrate 1 to 30 cm per day. Infestation may present
with pustules, nodules, or recurrent swelling (109). Rarely, the
larva may appear in the lungs and cause a nodular parenchymal
lesion. The placement of a small amount of mineral oil over the
advancing lesion, where the black transverse bands of the spines of
the larva can be detected, can confirm the diagnosis of the subcu-
taneous lesion. The infestation may end spontaneously, with or
without suppuration (172).

(b) Hypoderma. Hypoderma myiases are reported in areas where
the disease is endemic in cattle and yaks and tends to occur in farm
children and in people who handle cattle. Most human cases occur
during the winter months, and the seasonal occurrence of the
disease is characteristic (24). Imported cases of human disease
have been reported (278). The highest known prevalence of hu-
man hypodermosis (0.4% to 7%, in farmers) has been reported in
China (278). In the United Kingdom, Ireland, and Denmark,
where cattle hypodermosis has been eradicated, the number of
reports of human infestation has been greatly reduced (258).

Hypoderma bovis and H. lineatum are the most common of-
fending agents of human hypodermosis. The disease might occur
when eggs are laid onto the hairs of the human body or when
newly hatched larvae on the coat of infected animals come into
contact with the hands or bare arms.

After penetration, a furuncular lesion develops, where the larva
maturates and penetrates deeply into the skin. In sequence, the
maggot starts burrowing subcutaneously and produces an in-
flamed and painful swelling (migratory swelling) resembling a
boil. During larval migration, a slightly erythematous, tender, ill-
defined, 1- to 5-cm, slightly raised area is often seen, which marks
the subcutaneous location of the larva. If nodules form, they are
usually first noticed on the chest and neck in the winter months
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(207). A “prickly” sensation and, less frequently, burning and pru-
ritus have been reported. Erythema persists for several hours to
several days and then subsides, leaving a yellow-pigmented patch
as the larva wanders to another location. The course of migration
is generally much straighter and less bizarre than that of Gastero-
philus myiasis (229). The palpable tract is scarcely a faint irregular
line connecting the old area of erythema with the newer one (342).
In the migration tract, multiple erythematous pruriginous pap-
ules may appear instead (207).

The larva has been observed to migrate 2 to 30 cm in a 24-h
period. When located superficially, the larva may travel vary fast,
125 to 150 cm per 12 h. In one series, in only 1 out of 15 human
cases did the subcutaneous larva eventually penetrate the dermis
and form a slowly enlarging tender erythematous nodule (warble)
(109). At this stage, a central pore develops, from which the respi-
ratory spiracle can be observed, and this central pore intermit-
tently drains a serosanguinous discharge that later becomes puru-
lent. Throbbing and spontaneous pain usually are absent at this
stage, but the pruritus becomes more intense, and movement may
be felt (207). The larva next undergoes a period of rapid growth
and then usually exits through the skin of a proximal extremity,
the scalp, the face, or the neck, and falls to the ground to pupate.
Most often, however, the larva dies in human tissue beneath the
skin.

Hypoderma human myiasis is usually self-limiting; sometimes,
the larvae migrate considerable distances and have been reported
to cause ascites, pleuropericardium, hemopericardium, high fe-
ver, myalgias, arthralgias, scrotal edema, meningitis, intracerebral
invasion (177, 276), temporary limb paralysis, and hypereosino-
philia (326). They can invade the nervous system, eye, and ear,
with possible blindness, paralysis, or death.

Hypoderma sinense, H. tarandi, and H. diana have also been
related with human migratory diseases (278, 342). H. sinense can
cause a migratory lesion with painful swelling, adenopathy, and
eosinophilia (278).

(c) Cuterebra. Few cases of Cuterebra migratory myiasis have
been described (24, 90, 127, 128). In 20% of furuncular lesions
caused by Cuterebra, a migratory eruption may be associated (90).

(ii) Differential diagnosis. Three clinical features distinguish
migratory myiasis from helminthic cutaneous larva migrans.
First, migratory myiasis extends more slowly, and its cutaneous
presentation is generally less widespread. Second, fly larvae can
survive for months in human skin, much longer than helminths.
Finally, fly larvae are generally larger than the helminths and, par-
ticularly in the case of Gasterophilus, can be visualized by applying
mineral oil and using magnification (117, 231). Cutaneous larva
migrans, migratory myiasis, gnathostomiasis, and sparganosis
should be remembered for the differential diagnosis of cases with
cutaneous migratory lesions with eosinophilia. Hypereosinophilic
syndrome can occasionally be caused by creeping myiasis (326).

(iii) Diagnosis. A definitive diagnosis is made with the identifi-
cation of a dipteran larva in the migratory lesion. The parasite can
be visualized by applying mineral oil and using magnification. A
drop or two of mineral oil applied just in advance of the visible line
of inflammation will generally reveal the parasite in Gasterophilus
cases. The furuncle-like lesion in Hypoderma infestation is where
the maggot will probably be found. As with other parasites too
large to be phagocytosed, peripheral eosinophilia may occur and
can reach notable values. An ultrasound scan can reveal the larva
in a Hypoderma furuncular lesion (278). Hypoderma infestation
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FIG 6 Myiasis due to C. hominivorax in a B lymphoma patient. Shown is a
huge ulcer filled with larvae.

produces hypodermin C, a circulating antigen that appears to re-
flect periods of larval activity in cattle (71). The episodic release of
hypodermin C limits the usefulness of antigen capture enzyme-
linked immunosorbent assay (ELISA) as a tool for the diagnosis of
hypodermosis in cattle (263). In humans, serology has been useful
for confirming the diagnosis of a suspected case of hypodermosis
(278). However, serology is not able to identify the species due to
cross-reactivity between members of the subfamily Hypoderma-
tinae (262). PCR-restriction fragment length polymorphism
(PCR-RFLP) analysis targeting cytochrome oxidase I (COI) of
mitochondrial DNA can be used for the molecular identification
of the parasite and differentiating the most common Hypoderma
species (259, 260, 278). No immunological techniques are cur-
rently used to diagnose gasterophilosis, although studies are being
undertaken in this field (288).

(iv) Treatment. The treatment of a lesion caused by horse bot
fly can be performed by the identification of the position of the
larvae and its removal with a needle.

Hypoderma larvae are best removed through a cruciform inci-
sion or may be expressed if a furuncle-like lesion is formed. Sur-
gical excision is almost always required for migratory myiasis.
When the larva is migrating deep into tissue, extraction may not
be possible. The use of oral albendazole or ivermectin was previ-
ously reported to mobilize the parasites toward the body surface,
allowing the identification and surgical removal of the maggot in
one case caused by H. sinense larvae (278). This case was success-
fully treated after three rounds of oral ivermectin treatment.

Wound myiasis. Wound myiasis occurs when fly larvae infest
open wounds of a mammalian host. This kind of infestation may
be the result of facultative or obligatory parasites. Cochliomyia
hominivorax, Chrysomya bezziana, and W. magnifica are the most
common flies, worldwide, that cause obligatory human wound
myiasis. Numerous species of Muscidae, Calliphoridae, and Sar-
cophagidae (also known as filth flies) have been implicated in
facultative wound myiasis. In one series, 87% of cases of human
wound myiasis found in the United States were caused by flies of
the family Calliphoridae, which include Lucilia sericata (the green
bottle blow fly) and Phormia regina (the black blow fly) (308). C.
hominivorax was the most common agent in 66 cases of myiasis in
Brazil (62.1%) (111) and in 17 cases in Argentina (355).
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FIG 7 C. hominivorax myiasis. Shown is a closer view of the huge ulcer in Fig.
6 showing many larvae in detail.

Wound myiasis is most often initiated when flies oviposit in
necrotic, hemorrhaging, or pus-filled lesions (Fig. 6 and 7).
Wounds with alkaline discharges (pH 7.1 to 7.5) have been re-
ported to be especially attractive to blow flies (129). The presence
of necrosis is also an important factor (111). In human cases, there
is usually only one offending species in the lesion, although mixed
infestation can occur, reaching rates of 3% in one series (111).

A lack of hygiene and poor socioeconomic status, in the pres-
ence of an open wound, are the most important predisposing fac-
tors for human wound myiasis (111). A lack of adequate medical
and nursery care of the elderly, psychiatric patients, alcoholics,
and other helpless patients, especially those with the inability to
discourage flies from depositing eggs or larvae, also makes hu-
mans prone to wound infestation (185). Poor visual acuity may
limit the detection of myiasis. Human natural disasters may be
another predisposing factor for wound myiasis (206).

Dermatological conditions have also been described to be a
predisposing factor for myiasis-causing flies, more importantly
lesions with ulcers and secondly the presence of hyperkeratosis
(111). Dermatologic conditions associated with myiasis are neu-
ropathic ulcers (111), psoriasis (38), seborrheic keratosis (126),
onychomycosis (28), vascular insufficiency ulcer, cutaneous B
lymphoma (Fig. 6 and 7), basal cell carcinoma (Fig. 8), lipedema
(187), herpes zoster virus infection (243), noma (4), filarial lym-
phoedema, condyloma acuminatum (268), hemorrhoid (145),
leprosy (111), pediculosis, and impetigo (111, 220).

Local destruction, invasion into deep tissues, and secondary
infection are possible complications of myiasis, especially where
obligatory parasites are concerned. In some cases, a facultative
agent may prevent or even help treat an infection by cleaning the
necrotic tissue, producing substances with bactericidal properties,
and stimulating granulation (111, 118).

(i) Agents of wound myiasis. C. hominivorax and C. bezziana
myiases are typically very painful. Cavernous lesions are formed,
so it is difficult to extract the larvae in a single session, and this
delay makes the situation more dangerous. As long as larvae are
present, a foul-smelling, bloody discharge is observed (308).

Both New World and Old World screwworms cause multiple
infestations, with 100 to 500 eggs. The females often oviposit on or

cmr.asm.org 91


http://cmr.asm.org

Francesconi and Lupi

FIG 8 C. hominivorax myiasis in a basal cell carcinoma case. Shown are many
large myiasis larvae.

near a wound. Upon hatching, the larvae begin feeding, causing an
extensive destruction of tissue and a bloody discharge (355). Tis-
sues around the lesion become swollen, and pockets may be eaten
out beneath the skin (Fig. 6 to 8). Tissue invasion and local de-
struction caused by the larvae when leaving the necrotic tissue—
more mature larvae are often more invasive—lead to significant
local pain and secondary bacterial infection (83). Other clinical
manifestations include fever, chills, bleeding, and fistula forma-
tion. Neutrophil leukocytosis and hypereosinophilia can occur.
An infested person may die from tissue destruction.

Wohlfahrtia magnifica infestation begins with the depositing of
first-instar maggots, which immediately start to feed on the host’s
cutaneous or underlying tissue, causing serious damage. These
wounds become increasingly attractive to females, and therefore,
more flies arrive and deposit their larvae (153). This results in
severe infestations populated by larvae from more than one fe-
male. In contrast with the facultative species, W. magnifica may
infest individuals without any identifiable predisposing condi-
tions (152). Parasitological infestation occurs preferentially dur-
ing the summer, a favorable period for the biological evolution of
the flies.

Other agents of wound myiasis include D. hominis (291),
Musca domestica (187), Chrysomya megacephala (111), Calliphora
vicina (89), L. sericata (355), Chrysomya albiceps (111), Phormia
regina (236), Parasarcophaga argyrostoma (51), Lucilia cuprina
(111, 192), and Sarcodexia lambens (111).

(ii) Differential diagnosis. Dipteran larvae are the major cause
of wound infestation of humans by macroscopic parasites.

(iii) Diagnosis. Usually, wound myiasis is readily diagnosed by
a clinical inspection of the wound. Sizable wounds are most com-
monly affected; minor injuries may be affected, such as scratch,
imposing a clinical challenge. The possibility of the presence of the
maggots should be raised when pain, movement sensation, or the
presence of a malodorous suppurating sore is noted. Biopsy or
imaging techniques are rarely indicated or even necessary.

(iv) Treatment. Treatment requires the removal of all visible
larvae, followed by debridement in cases where necrotic tissue still
remains. Irrigation may be particularly useful for lesions with
holes and cavities. Fifteen percent chloroform in olive oil or
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another oil or ether may help to immobilize the larvae and facili-
tate maggot removal. The use of a thick layer of petrolatum, with
its removal every 3 h until the complete removal of the larvae is
achieved, is a practical treatment option (219). The current treat-
ment concept in the case of myiasis in malignant wounds com-
prises the mechanical removal of maggots, surgical debridement
of the infested wound bed, intensive rinsing with antiseptic solu-
tions, and consistent dressing changes on a daily basis (304). Top-
ical treatment with 1% ivermectin in a propylene glycol solution,
a maximum of 400 ug per kg of body weight, applied directly to
the affected area for 2 h and washed with saline solution (354), is
another option. Extensive wound exploration may be indicated,
depending on the degree of involvement.

Oral treatment is not the consensus for the treatment of human
myiasis, and studies must be done to consolidate this modality of
treatment. Ivermectin is the most commonly used drug for hu-
man infestation. Much of the experience with ivermectin came
from the veterinary use of this drug. Its use may cause a migration
of the larva out of the skin. One study reported a case of complete
resolution with a dose of 200 ug per kg. There has been a report of
the use of oral ivermectin in a case caused by H. lineatum, with a
spontaneous emigration of the maggots (173).

Cavitary Myiasis

Cavitary myiasis corresponds to the infestation of natural body
cavities. The infestation usually receives the name of the anatomic
region affected. Internal organs affected by dipteran larvae are also
included in this group.

Ophthalmomyiasis. Ophthalmomyiasis, or oculomyiasis, is
the infestation of any anatomic structure of the eye. This group is
further subclassified into ophthalmomyiasis externa (or superfi-
cial) and ophthalmomyiasis interna. Orbital myiasis, or “ophtal-
momyiase profonde” (French term meaning profound or deep), is
used to bring together palpebral or periocular infestation with
intraocular myiasis.

(i) Ophthalmomyiasis externa. Ophthalmomyiasis externa re-
fers to the superficial infestation of ocular tissue. Conjunctival
myiasis is the most common form of ophthalmomyiasis, and it is
a relatively mild, self-limited, and benign disease. Patients com-
monly complain of acute foreign-body sensation with lacrima-
tion, characteristically with an abrupt onset (13). Upon examina-
tion, unilateral disease is the rule. The movement of the larva may
be felt by the patient (257). In response to the movement of the
larva across the external surface of the eyeball (12), any of the
following symptoms may be found upon an ophthalmologic ex-
amination: red eye, photophobia, conjunctival hyperemia, lid
edema, punctate conjunctival hemorrhages, pseudomembrane
formation, and superficial punctate keratopathy (62, 174, 282,
352).

Lachrymal gland myiasis may complicate conjunctival infesta-
tion, and a canalicular lesion may also follow external ocular
myiasis (297). Migration through the lacrimal canal to the nose
cavity is a possibility (104). Mild pain and inflammation usually
last for 10 days.

Ocular myiasis should be considered in any case of unilateral
foreign body sensation with a marked onset. Other differential
diagnoses of this clinical picture include catarrhal conjunctivitis,
keratitis (324), periorbital or preseptal cellulitis (102, 297, 364),
keratouveitis (174), and chalazion (363).

Oestrus ovis is the main agent causing external ocular myiasis,
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and as expected, the cases are usually described to occur in the
autumn months in cooler latitudes of the northern and southern
hemispheres, especially in rural areas. The majority of cases have
been described in the Mediterranean basin and Middle East (49,
78, 94, 158, 174, 331). Other agents implicated in this form of
disease are Rhinoestrus purpureus (97), D. hominis (30, 91, 135,
277, 297), C. bezziana (53), Lucilia spp. (167), and Cuterebra
(110).

External manifestations are managed by the mechanical re-
moval of larvae from the surface of the anesthetized eyeball, using
fine, nontoothed forceps. Slit-lamp examination facilitates the
process, but viable larvae have the tendency to avoid bright light.
The use of lidocaine or cocaine as an anesthetic has the additional
benefit of maggot immobilization, which facilitates removal. Oc-
clusion with a thick ointment may assist in removal by encourag-
ing the egress of organisms from the conjunctival sac, if it is in-
volved. The average number of extracted parasites varies from 9 to
18 (13). One case was successfully treated with ivermectin (358).

(ii) Ophthalmomyiasis interna. Ophthalmomyiasis interna is a
term used when the infestation involves the anterior or posterior
segment of the eyeball. The fly larva may be seen in the anterior
segment and the vitreous and subretinal space (171). This clinical
picture may be a complication of ophthalmomyiasis externa
(365). However, the entry site is usually not apparent; these larvae
probably penetrate the sclera and migrate into the eye. Usually,
there is only one larva inside the eye; however, two to three larvae
in the same eye and bilateral involvement have also been reported
(222).

Anterior ophthalmomyiasis interna is less common and ap-
pears clinically as anterior uveitis, sometimes accompanied by
posterior segment inflammation, which may be severe (298).

In its classical clinical presentation, posterior ophthalmomyia-
sis interna is characterized by pigmented and atrophic retinal pig-
ment epithelium (RPE) tracts in a crisscrossing pattern seen in
conjunction with hemorrhages, fibrovascular proliferation, exu-
dative detachment of the retina, and even fibrovascular scarring
(121,122, 317). Subretinal myiasis can cause exudative and fibro-
vascular detachments and even focal hemorrhages, multifocal fi-
brous scarring, total detachment, and blindness (74, 332). How-
ever, its typical clinical manifestation is that of multiple-crisscross
RPE with atrophic pigmentary tracts (204). Only a few other
agents have been reported to produce a subretinal tract (40, 221,
228).

Red eye, vision loss, floaters, eye pain, and scotomas are the
symptoms that have been described for ophthalmomyiasis in-
terna. Vision loss can be severe and is more commonly associated
with Hypoderma tarandi. Ophthalmomyiasis interna should be
considered for the differential diagnosis of retinal detachment,
panuveitis (183), orbital cellulitis (125), cavernous sinus throm-
bosis (10), chorioretinitis (254), and endophthalmitis (138).

Accordingly, the diagnosis of subretinal myiasis is made on the
basis of sub-RPE tracts and the typical clinical morphological
changes known to be characteristic of ophthalmomyiasis interna.
The fly larva, which is 10 to 20 mm in size, has a cigar-shaped
appearance, with multiple skeletal braces. Hemorrhage may occur
as the fly larva erodes through vascular tissue; choroidal neovas-
cularization may also occur, with exudative hemorrhagic detach-
ment and eventual fibrovascular scarring.

The epidemiologic data concerning ophthalmomyiasis interna
are not precise, because in many cases, the larva is destroyed by
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laser photocoagulation. The reindeer or caribou warble fly Hypo-
derma species are considered the most common cause, with
Hypoderma tarandi being the most frequent cause in northern
European countries such as Norway (50, 181).

(iii) Orbital myiasis. Orbital myiasis has a severe clinical pic-
ture characterized by the intraocular invasion of maggots from
eyelid myiasis, a peculiar kind of wound myiasis. Eyelid tumors
are the most common predisposing factor associated with this
clinical picture (29, 54, 60, 170, 367), although it may affect a
previously healthy individual. Causative agents are the same as
those that cause wound myiasis and vary with the geographical
distribution of the flies.

The management of internal infestation is more variable and
highly dependent on the clinical situation. Dead larvae, without
significant inflammation, may be left in place and eventually re-
gress. Inflammation requires management with topical steroids
and mydriatics, with close monitoring. The presence of persis-
tently viable larvae may require surgical removal, particularly
when critical structures are at risk. Living organisms in the appro-
priate location, such as the subretinal space, may be amenable to
destruction by laser photocoagulation (125). In extensive orbital
myiasis, exenteration is needed to prevent the intracranial exten-
sion of tissue destruction (367). Ivermectin is a therapeutic option
to prevent the further extension of the necrotizing process into
deeper structures and, therefore, to decrease the risk of lethal out-
comes and the need for enucleation (256).

ENT myiasis. Ear-nose-throat (ENT) myiasis is a term used to
group myiases affecting the nose, ears, oral cavity, larynx, and
trachea.

(i) Oral myiasis. Oral myiasis, first described in the literature in
1909, is a kind of wound myiasis associated with poor oral hygiene
(44, 197), alcoholism (116), senility (123), severe halitosis (32),
socket orifice (306), suppurating lesions, gingival disease, trauma,
and mental debility (123, 293) and with people who maintain their
mouths open for a long period of time (306). Infants who were
breastfed by mothers with breasts infected by C. anthropophaga
presented with larvae in the upper and lower lips and in other
parts of the body (253). Poor hygiene is the most important risk
factor and is present in almost all cases (95).

The infestation of the oral cavity may occur through direct
infestation in cases where the lesions are at the anterior mandib-
ular or maxillary region (32). Infestation into the buccal gingiva of
the mandibular molar region supports the possibility by which the
ingestion of contaminated food may be the way of transmission
(95).

Pain and swelling of the mouth, the teeth, the lips, or the pal-
ates and a sensation of movement are some of the reported symp-
toms related to oral myiasis. In one case, the larva died in the
submucosa and manifested clinically like a salivary gland ade-
noma (178).

The diagnosis of oral myiasis is usually easy and should be
made at an early stage so that an involvement of deeper tissues can
be prevented. This is especially important for individuals with a
low socioeconomic status, who may be unaware of the oral lesions
(273). Moreover, a lack of regular oral care in these patients may
cause the lesions to go unnoticed until extensive tissue involve-
ment occurs. Destructive complications are possible, and a CT
scan should be performed when those complications are sus-
pected (246, 310).

Species reported to cause this clinical picture are C. hominiv-
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FIG 9 Otoscopy in a leprosy patient with otomyiasis. Otoscopy shows a larva.

orax (32, 80, 123, 130, 283, 310), W. magnifica (95), M. domestica
(39, 197), C. bezziana (246), O. ovis (151), H. bovis (103), H. ta-
randi (105), Musca nebulo (306), G. intestinalis (343), and C. vicina
(147).

Extensive tissue destruction may follow infection, and palatal
perforation is a possible complication (16, 123). The treatment of
oral myiasis is ideally done by the surgical removal of the maggots
(95). An alternative treatment for myiasis is the creation of an
anaerobic environment inside the wound to kill or expulse the
maggots. Turpentine solution may help the extraction of maggots
(306). The use of drugs to treat oral myiasis is incipient, and few
reports can be found (309, 310). Nitrofurazone (0.2%; 20 ml)
topically applied over the infested wound 3 times per day during 3
days proved to be successful in two cases (205). Treatment with
ivermectin with a partial or complete response was reported (123).
Promptand correct management may lower the complication rate
of oral myiasis (16).

(ii) Aural myiasis. Aural myiasis, or otomyiasis, involves the
infestation of the external ear and/or middle ear. The eggs or lar-
vae are oviposited around the aural cavity. A widened outer ear
canal may facilitate the process (350). Although considered rare,
auditory myiasis represented 86.16% of 94 cases of EN'T myiasis in
one study of pediatric patients (313). It is usually seen in children
younger than 10 years of age or in debilitated individuals (6, 58,
322, 360, 369). Chronic otorrhea has been implicated as a risk
factor for aural myiasis in healthy, mobile patients (16, 224, 369).
Bilateral disease is an exception (34, 369).

The clinical presentation of aural infestation is variable. Signs
and symptoms include foreign-body sensation, otalgia, otorrhea,
bleeding (360), itching, aural malodor, tinnitus, vertigo, restless-
ness, impaired hearing, and perforation of the tympanic mem-
brane (65, 180, 214, 289). Although most patients with aural
myiasis have an uncomplicated treatment course, early interven-
tion is key to avoiding complications involving adjacent struc-
tures. Upon examination, diffuse inflammation of the skin of the
external auditory canal may be found.

Aural myiasis should be considered, especially in children, in
cases where a foreign body is suspected. Otoscopy may reveal
maggots (Fig. 9); an inflamed and swollen auditory canal is a com-
mon finding, and in some cases, tympanic membrane perforation

94 cmr.asm.org

FIG 10 Otomyiasis due to C. hominivorax. Shown is a picture of the larva itself
in a blue sheet.

can be visualized (369). Imaging studies, such as computed to-
mography, are indicated to evaluate possible complications other
than tympanic membrane perforation, such as the invasion and
destruction of the mastoid cavity (8, 180, 350). Other reported
complications are deafness and penetration within the central
nervous system with meningitis, where death may occur (350).
Together with nasal myiasis, the fatality rate may reach 8% (369).

The most important species causing aural myiasis are C. hom-
inivorax (232, 245, 355), W. magnifica (34, 100, 180, 264, 341,
350), C. bezziana (1, 8, 134, 289), C. megacephala (203), Sar-
cophaga (6, 214, 347, 353, 360), and Parasarcophaga crassipalpis
(240).

Aural myiasis must be treated by the manual extraction of the
larvae (Fig. 10); irrigation of the ear with saline, 70% ethanol, 10%
chloroform, normal saline, oil drops, urea, dextrose, creatine, top-
ical ivermectin, or iodine saline has been used to help remove the
maggots (214, 369). Suctioning has been used to aid in the re-
moval of the maggots (369). The presence of tympanic membrane
perforation and middle ear involvement may require multiple
procedures for the complete extraction of the larvae (155).

(iii) Nasal myiasis. Nasal myiasis is the infestation of the nasal
cavity by flies ovipositing either directly within the nasal cavity or
in the vicinity while the patient is sleeping. Direct inspiration of
the maggot was reported (21). In one study, this manifestation
represented 70% to 75% of EN'T myiasis cases (16), and in another
study of pediatric patients, this type of infestation represented
11.7% of cases (313). In a review of 252 patients with nasal myia-
sis, 41.26% of the patients were older than 50 years old. Beside old
age, low socioeconomic status and poor nutritional status were
also risk factors.

Cases more commonly occur in people who suffer from atro-
phic rhinitis, a condition that reduces the sneezing reflex and wid-
ens the nasal cavity; this predisposing factor was found for 97% of
patients in a series of 252 patients (305), and epistaxis and rhinor-
rhea are nowadays rarely associated with myiasis of the nasal cav-
ity (16). Leprosy patients are more prone to this kind of infesta-
tion, due to the lack of the sneezing reflex, painless ulceration,
atrophic rhinitis, and the inability to clean the nose properly, on
account of hand deformities (166, 339). Tuberculosis and rhino-
scleroma were also related to nasal myiasis (305).
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Nasal myiasis signs and symptoms are usually related to the
presence and movement of the larvae, which include foreign-body
sensation, with or without movement sensation; nasal pain; facial
pain; blood-stained or mucopurulent nasal discharge; epistaxis;
foul smell; and anosmia (131, 213, 345). All but 20% of 252 pa-
tients in one study reported a history of maggots coming out of the
nose. Rarely, symptoms may be allergic in origin. This happens
when the maggots fall into the throat, which manifests as cough,
laryngospasm, dyspnea, and stridor (21, 223).

Several complications may occur during the infestation of the
nose cavity. These complications may be infectious, such as orbit
or facial cellulites, or destructive in nature, with the ulceration of
the posterior pharyngeal wall, septal perforation with saddle nose,
palatal perforation (16, 305), and, in extreme cases, penetration
into the central nervous system, with meningitis, pneumocepha-
lus (193), or death, with a fatality rate of up to 1.19% (305). The
invasion of the sinus cavities may impose a differential diagnosis
of sinusitis. Round hypolucent images by computed tomography
may suggest a diagnosis of myiasis (99).

Rhinoscopy examination may not only confirm the diagnosis
but also be used to treat the patient, aiding in the removal of the
maggots with a forceps. Upon examination, mucosal edema, con-
gestion, and ulcers are possible findings (345). Sometimes, the
larvae are not noticed because they are photophobic and tend to
hide in the deepest parts of the nasal cavity.

The agents reported to cause nasal myiasis are C. hominivorax
(131), C. bezziana (202), Oestrus ovis (22,211, 218), W. magnifica,
Lucilia sericata (184), Drosophila melanogaster (21), and C. vicina
(316).

The goal of the treatment is the prompt removal of the para-
sites and limiting tissue destruction. The endoscopic use of for-
ceps to remove the agents is usually sufficient and is considered
superior to manual extraction (321). Some authors used a turpen-
tine solution to facilitate the extraction by killing the maggots. The
treatment of atrophic rhinitis is also advisable; in one study, 80%
of patients who refused treatment had recurrent nasal myiasis
(305).

(iv) Throat myiasis. Throat myiasis is caused mainly by O. ovis,
affecting people in close contact with sheep and goats, and should
be considered an occupational disease in countries where the dis-
ease is endemic, such as Iran and Italy. As expected, cases occur
between April and September. Symptoms begin abruptly in indi-
viduals working outdoors. The first symptom is the sense of a
foreign body in the throat, followed by a burning sensation and
itching and then followed by cough, in some cases very severe.
These symptoms, which are caused by physical irritation caused
by the presence of the larvae, are followed by other symptoms,
suspected to be allergic in nature. Rhinorrhea; sneezing; ear, nose,
and throat itching; wheezing; and lacrimation are all included as
allergic symptoms. Treatment is done by spraying the throat with
lidocaine and then washing out the larvae with normal saline
(simply by asking the patients to gargle and spit). The lidocaine
not only anesthetizes the throat mucosa but also appears to anes-
thetize the O. ovis larvae, causing them to release their hold on the
mucosa (223).

(v) Tracheostomy myiasis. Tracheostomy myiasis is not com-
mon, with few reported cases (119). Some cases in hospital set-
tings have been reported (175).

Urogenital myiasis. Urogenital myiasis is the infestation of the
genitourinary tract of males and females by dipteran larvae. De-
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pending on the anatomical location, this condition could be sub-
classified as external or internal urogenital myiasis.

(i) External urogenital myiasis. External urogenital myiasis is
clinically, epidemiologically, and entomologically similar to fu-
runcular myiasis or wound myiasis. It affects women more com-
monly. A lack of underwear, cervix carcinoma (356), the presence
of a urethral stent, urethral discharge, and sexually transmitted
diseases (268) are all peculiar predisposing factors of external uro-
genital myiasis.

In females, external urogenital myiasis cases have been de-
scribed to affect clitoris (190), vulva, urethra (356), vaginal cavity
(75), and uterus, a rare event that should be classified as external
genitourinary myiasis, since all reported cases have been associ-
ated with uterine prolapse.

In males, cases have been described to affect glans penis, usu-
ally the furuncular type caused by D. hominis and C. anthropo-
phaga (270); scrotum; and urethra (manifested with pruritus and
pain in the periurethral region) (101, 295). Some authors sug-
gested the inclusion of penile myiasis for the differential diagnosis
of genital ulcers (267).

(ii) Internal urogenital myiasis. Internal urogenital myiasis is a
rare event that occurs when the maggot reaches an internal geni-
tourinary organ. All described cases are considered cases of acci-
dental myiasis. Dysuria, lumbar pain, and ureteric obstruction are
the symptoms related to this kind of infestation. Microhematuria,
albuminuria, and leucocyturia may be found upon laboratory ex-
amination. Symptoms subside after the expelling or removal of
the maggots. Uncommon myiasis agents are associated with this
type of accidental myiasis, for example, Megaselia scalaris (93),
Psychoda albipennis (149), Eristalis tenax (132, 242), Piophila casei
(101, 295), Fannia scalaris (361), Fannia canicularis (20,272, 325),
and Muscina stabulans (19).

The rationale for the treatment of genitourinary myiasis is to
remove the offending larvae. In many cases, when the diagnosis is
done, the maggot has already been expelled. Several substances,
such as several antiseptics and mercury, have been used in the
form of lavage and instillations. Endoscopic imaging should be
performed in cases where urogenital internal myiasis is suspected,
not only to diagnose but also to treat. In select cases, broad anti-
biotic coverage might be recommended to prevent secondary in-
fections (356).

Intestinal myiasis. Intestinal myiasis is a kind of pseudomyiasis
or accidental myiasis that is probably related to the ingestion of
contaminated food or water with dipteran fly larvae (113). Poor
socioeconomic status and poor hygiene are risk factors. The water
supply is a possible contamination source (191). The female flies
may oviposit the eggs around the mouth of comatose and psychi-
atric patients, and any patient who sleeps or keeps the mouth open
is also prone to gastrointestinal infestation.

The clinical presentation is variable and depends on the num-
ber of maggots, the species of the parasite, and their location
within the digestive tract. Symptoms range from asymptomatic
cases, where the larvae are identified in the stools, to abdominal
pain, nausea, vomiting, anal pruritus, or rectal bleeding (179). The
presence of the maggots may cause an inflammation of the intes-
tinal mucosa and justify the symptoms. In some cases, the origin
of the symptoms may be confusing, because patients may have a
concomitant parasitic enteric infection, such as Ascaris lumbri-
coides (55, 133), or antiparasitic drugs (albendazole [179] or
mebendazole [346]) may have been used before the diagnosis of
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pseudomyiasis. On the other hand, the relief of symptoms after
the elimination of the maggots is incontestable proof that intesti-
nal myiasis may be responsible for these symptoms (85).

The presence of numerous larvae in one or more consecutive
stool specimens is diagnostic. Ideally, the sample should be col-
lected in the laboratory so that a posterior infestation of the stool
can be ruled out. Maggot identification from specimens collected
by sigmoidoscopy is more reliable if external contamination is
suspected (302).

Myiasis agents associated with this type of accidental myiasis
are Fannia canicularis (366), Sarcophaga spp., Hermetia illucens
(55, 133), Muscina stabulans, Megaselia scalaris (225), Eristalis te-
nax (96), Musca domestica, Phormia regina (182), Lucilia cuprina
(239), and Stomoxys calcitrans (113).

Even though no specific treatment is valid for the treatment of
intestinal myiasis, purgatives, albendazole, mebendazole, and le-
vamizole were reported to cure the disease in some patients. Me-
salazine has been used as an anti-inflammatory agent. Colonos-
copy may have diagnostic and therapeutic functions (179).

Cerebral myiasis. Cerebral myiasis is exceptionally rare, with
nine confirmed cases and two additional cases with clinical and
radiological suspicions (64, 84, 177, 218, 276, 292, 338). The evo-
lution is usually fatal, with two surviving cases. The offending
species were Hypoderma bovis in three of the cases; Phaenicia seri-
cata, Hypoderma lineatum, Hypoderma spp., and Dermatobia
hominis in one case each; and undetermined in two cases. The
location of the infestation seems to have a predilection for the
frontal lobes, as seen for seven of the nine cases. Although poten-
tially fatal, in one case, the presence of the maggots in a head
trauma case might have prevented a fatal outcome by the benefi-
cial effects of the myiasis flies in wounds, protecting the patient
from bacterial invasion and consequent meningitis and encepha-
litis. Intracranial hypertension with hydrocephalus (118), reduced
mental status, motor deficits, seizures, and extrapyramidal symp-
toms were all reported for cerebral myiasis.

Tracheopulmonary myiasis. Tracheopulmonary myiasis is a
rare manifestation of myiasis, with few published cases. It is not
clear if this type of myiasis is accidental in nature, since a fully
developed third-instar cuterebrid maggot was implicated in one
case (72). A history of whooping cough with occasional bloody
sputum, without fever, and with normal chest auscultation and
chest X ray may be the clinical findings. Tracheopulmonary my-
iasis in humans may be caused by the horse bot fly (7), Alouat-
tamyia baeri (142), Megaselia spicularis (186), cuterebrids (23, 72,
300), and Gasterophilus sp. (7).

Accidental Myiasis or Pseudomyiasis

Accidental myiasis or pseudomyiasis is not an anatomical classifi-
cation; rather, it is an ecological classification. This term repre-
sents all situations where the dipteran species is not able to fully
develop when parasitizing a host. In humans, pseudomyiasis
should be used as a complement of an anatomical classification,
e.g., accidental intestinal myiasis. Some confusion regarding the
definition occurs when some authors consider pseudomyiasis to
be the presence of any symptom caused by a nonparasitizing dip-
teran maggot. For example, in intestinal myiasis, the symptoms
are caused by the passage of the larvae through the gastrointestinal
tract, with consequent inflammation in a reaction to the physical
presence of the parasite, leading to symptoms. In migratory my-
iasis, however, the agent is able to develop in human skin, al-
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though it is not able to complete its life cycle, and the symptoms
are caused by the ability of the maggot to parasitize the human
skin. In our point of view, migratory myiasis should also be con-
sidered a case of pseudomyiasis, since the larvae are not able to
complete their life cycle.

Myiasis in Special Clinical Settings

Leprosy. Leprosy is endemic in countries where myiasis-causing
flies are highly prevalent. The geographical coincidence of these
two diseases and the typical handicaps inherent to advanced lep-
rosy disease favor myiasis in this group of patients. Nasal myiasis
and wound myiasis are the most common presentations of the
dipteran infestation, although the real incidence of myiasis in lep-
rosy patients is still unknown. The nerve damage and the eye dam-
age typical of leprosy infection may postpone the diagnosis of
myiasis, raising the possibilities of complication and even death
caused by the larvae. A loss of the capability to perceive sensory
stimuli, atrophic rhinitis, ulcers of nasal mucosa, and suppurative
wounds of the nasal cavity predispose leprosy patients to nasal
myiasis. Open wounds and ulcers have been seen in 15 to 20% of
cases of all types leprosy (217). Suppuration, secondary infection,
and open ulcers attract the flies to lay their eggs/larvae nearby. The
localization of the lesions in the lower limbs and/or plantar region
allied with the loss of sensation and loss of visual acuity and even
blindness impede the prompt diagnosis of the infestation.

Any species known to cause myiasis can affect leprosy patients,
and the epidemiology varies with the region, although atypical
agents have been identified, including Sarcophaga ruficornis, Co-
chliomyia americana, and M. domestica. Treatment is the same for
this group of patients. Since leprosy patients are also exposed to
the most important risk factors for the development of myiasis,
preventive and educative measures should both be applied to pre-
clude infestation.

Umbilical cord myiasis. Umbilical cord myiasis is a rare type of
wound myiasis in humans, although it is a well-recognized type of
myiasis in animals. The natural mummification of fetal tissue dur-
ing the umbilical separation process is not well described as a risk
factor for myiasis in the literature, and similarly, the best means to
protect this process are still unclear (36). C. hominivorax is the
offending agent related to umbilical cord myiasis. Sepsis second-
ary to omphalitis is a possible complication.

Malignant wounds. Although malignant wounds are well rec-
ognized as a predisposing factor for wound myiasis, only recently
have malignant wound myiasis cases started to be reported (15).
The infestation of parts of one’s body by fly larvae, especially by
patients suffering from end-stage cancer, may bring to mind the
impending prostration and decomposition of the whole body and
cause sustainable psychological effects on patients’ minds, com-
promising the patient’s quality of life and treatment outcome.

Myiasis is more commonly related to open-skin malignancies
such as basal cell carcinoma and squamous cell carcinoma. Other
malignancies related to myiasis are eccrine adnexal neoplasm
(168), angiosarcoma (64), larynx carcinoma (136), breast cancer
(194), Kaposi’s sarcoma (233), melanoblastoma (237), non-
Hodgkin’s lymphoma (79), and cervical cancer (356). The symp-
toms are similar to those of all reported wound myiasis cases, and
the presence of unpleasant odorous secretions may be a clue to the
presence of maggots. None of the cases reported so far have re-
ported permanent health damage to the infested individual.

Members of the families Calliphoridae and Sarcophagidae
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TABLE 9 Clinical pictures, treatments, and outcomes of cases of oral myiasis

Ivermectin dose

(ng/kg)

Reference Species Clinical picture (no. of doses) Outcome
271 Lucilia sericata Wound myiasis 200 (1) Complete cure
358 D. hominis External ophthalmomyiasis 200 (1) Larva emigration
256 C. hominivorax Orbital myiasis 200 (1) Larva death
256 C. hominivorax Orbital myiasis 200 (1) Larva death
86 C. hominivorax Orbital myiasis 200 (1) Larva death
287 Unknown Orbital myiasis 200 (1) Larva death

C. hominivorax Oral myiasis 200 (2) Incomplete response
123 C. hominivorax Oral myiasis 200 (2) Larva death
310 C. hominivorax Oral myiasis 200 (2) Larva death

cause almost all cases myiasis in malignancies, with L. sericata
being the most commonly identified agent.

When feasible, surgical excision of the malignancy should be
the ideal treatment. However, in some cases, especially with head
and neck malignancies, advanced disease may be reached without
any effective treatment. In this case, wound care is of the utmost
importance, to prevent the occurrence of myiasis. The mechanical
removal of the larvae with or without irrigation is the treatment of
choice for these patients. Oral ivermectin treatment is a possibility
when mechanical removal is not indicated.

Pin-site myiasis. Pin-site myiasis is a rare complication of me-
tallic pins used for the management of open fractures. Recently,
there has been an increasing number of reports of myiasis as a
complication of fracture treatment by means of external fixation.
Of six published case reports, three cases were from Greece, two
were from Venezuela, and one was from the United States. The
species was identified in only two cases, both being C. hominiv-
orax. Risk factors for wound myiasis were present in all cases. For
treatment, the pin had to be removed in half of the cases (61, 265,
266).

Nosocomial myiasis. Nosocomial myiasis, first reported in
1980 (235), is a term used when the infestation affects subjects in
hospital settings. Although this form of infestation is considered
rare in rich countries, it may be underreported in developing and
poor countries. Its presence reflects a lack of adequate care, espe-
cially for patients who need close attention, such as patients with
motility and consciousness losses, puncture wounds, draining of
abscesses, assisted-breathing and tracheal tubes, and other injuries
resulting from the continuous exposure of mucosae to secretions.

Comatose and handicapped patients are particularly prone to
myiasis, with reported cases of wound myiasis (169), nasal and
nasopharyngeal myiases (98, 139, 157, 175, 184, 215, 281, 318),
orotracheal myiasis (68), myiasis of trachea (139), ocular myiasis
(66), pin-site myiasis (157), urogenital myiasis (146), myiasis of
nasogastric tube (67), and intestinal myiasis (320).

When considering nosocomial myiasis, the identification of
the myiasis-causing species is crucial to recognize the dipteran
habits and to schedule the pest eradication program. The follow-
ing species have been recognized as causative agents of nosocomial
myiasis: L. sericata (35, 76, 139, 157, 169, 215), Megaselia scalaris
(157), Sarcophaga spp. (235), C. hominivorax (82, 98, 281), Co-
chliomyia macellaria (66, 175, 318), and M. domestica (146).

Nosocomial myiasis may alert one to the presence of other
infestations, as exemplified by the case of a hospital with a mouse
infestation (mouse carcasses could have attracted flies) and nasal
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myiasis cases in the intensive care unit (ICU) (35). The presence of
nosocomial myiasis also reflects the quality of the staff responsible
for the patients. Nets for windows and other ventilation ducts are
simple measures that could help prevent nosocomial myiasis.
Storage and manipulation of food should also be reviewed.

ORAL TREATMENT AND MYIASIS

Oral treatment of human myiasis is based on anecdotal reports,
and most of the experience comes from veterinary medicine. Iver-
mectin, a semisynthetic agent of the macrolide family (derived
from a natural substance, avermectin, which is obtained from ac-
tinomycetes) is the most common agent used for the treatment of
myiasis. Introduced for medical use in the 1980s as a broad-
spectrum antiparasitic drug, ivermectin proved to be effective
against most intestinal parasites, most arthropods, and some
nematodes. Medical use in humans started as a prophylactic treat-
ment of filariosis caused by Onchocerca volvulus, Wuchereria ban-
crofti, Brugia malayi, and Brugia timori. Lately, it has also been
used for the treatment of scabies, with excellent results.

Different therapeutic schemes have been adopted for ivermec-
tin use in the treatment of myiasis: just one oral dose of 150 to 200
pg/kg of body weight is the most commonly prescribed dose. The
possible undesirable effects of ivermectin consist of dermal erup-
tions, fever, dizziness, migraines, muscular pains, and joint and
lymphatic pain.

Although promising, the use of ivermectin for the treatment of
myiasis is an off-label treatment in many countries and should be
reserved for selected cases. There are no controlled double-blind
studies measuring the impact of ivermectin use on myiasis. It is
very difficult to design good controlled studies, because myiasis
represents a large group of pathological processes caused by a
diverse number of agents. Even cases of wound myiasis caused by
the same agent may not be completely comparable: numbers of
larvae, kinds of lesions, and the presence of necrosis may vary
between cases. Table 9 describes some reports of ivermectin use
and its outcome. Another agent for the oral treatment of myiasis is
tiabendazole. It has been used for the treatment of immature O.
ovis maggots in sheep, and in one case of human myiasis caused by
A. baeri, the treatment was successful (142).

PREVENTION

Poor sanitation is probably the most important risk factor for
human myiasis. Low socioeconomic status, especially in poor
countries, has an intimate relationship with the lack of basic san-
itation and inadequate garbage disposal, leaving organic material
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exposed, which attracts insects and small animals, creating a sus-
tainable cycle of filth. Adequate sanitation can be reached only
when government, population, and education programs work to-
gether.

Individual actions should also be implemented and include
emptying and steam cleaning dumpsters on a regular schedule,
washing food and making a visual inspection of the food before
consumption, storing food in adequate receptacles, making sure
wounds are cleaned and dressed regularly, and more. Good sani-
tation can avert many myiasis cases. In regions of endemicity,
sleeping nude, outdoors, and on the floor should be avoided. Ap-
propriate precautions will help avoid infestations. The use of
screens and mosquito nets is essential to prevent flies from reach-
ing the skin. D. hominis infestation may be thwarted by the appli-
cation of insect repellents containing diethyltoluamide (DEET).
Drying clothes in bright sunlight and ironing them are effective
methods of destroying occult eggs laid in clothing, especially by C.
anthropophaga (41). Other general precautions include wearing
long-sleeved clothing, covering wounds, and avoiding falling
asleep outdoors.

Field control of flies is extremely important. All available meth-
ods should be used, including aerial sprays, destruction of animal
carcasses, elementary sanitary and hygiene practices, and clearing
of debris and rubbish near houses. The inactivation of females by
the release of large numbers of males previously sterilized by ion-
izing radiation has been highly successful. Reports on the control
of Cochliomyia infestation in sheep with the use of ivermectin,
which has been reported to be 100% effective in controlling exist-
ing infestations and as a prophylaxis, suggest that this may be the
route of the future.

MAGGOT THERAPY

Maggot therapy is essentially an artificially induced myiasis per-
formed in a controlled environment by experienced medical prac-
titioners. The selection of a suitable fly species for use in maggot
therapy is of paramount importance, as it determines both the
safety and success of the treatment. It is imperative to select a
species that feeds almost exclusively on necrotic tissue. L. sericata
is considered the most suitable species for maggot therapy. The
larvae must be prepared and maintained sterile before clinical use
(247).

Maggot therapy has the following three core beneficial effects
on a wound: debridement, disinfection, and enhanced healing.
Debridement is the removal of cellular debris and nonviable ne-
crotic tissue from the wound bed. The removal of necrotic tissue,
which acts as a microbial substrate, may also reduce the risk of
infection. Maggots debride wounds quickly and effectively, with-
out damage to viable tissue. Maggots are photophobic and will
naturally move into the deep crevices that may be beyond the
reach of a surgeon’s scalpel. Reports have been published marvel-
ing at the benefits of maggot debridement therapy (MDT) in all
sorts of wounds.

Several mechanisms have been suggested for disinfection, in-
cluding the simple mechanical irrigation of the wound by in-
creased secretions/excretions produced by larvae, the action of the
midgut commensal Proteus mirabilis on digested bacteria, and the
elimination of antibacterial products from living maggots.

Enhanced healing is started by the proteolytic digestion of ne-
crotic tissue and disinfection promoted by the maggots. Second,
researchers have suggested that maggots exhibit other, more di-
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rect, mechanisms that contribute to the enhanced healing of
wounds, although these mechanisms are not completely under-
stood. Maggots encourage wound healing, centered on their
ability to physically stimulate viable tissue and to enhance tis-
sue oxygenation in chronic wounds. Allantoin (2,5-dioxo-4-
imadazolidinyl urea) or ammonia bicarbonate could be re-
sponsible for the abundant growth of granulation tissue. The
growth-stimulating effects of alimentary secretions and hemo-
lymph from the blow fly P. sericata on human fibroblast tissue
may also contribute to enhanced healing (247, 248).
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